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Description
Technical Field

[0001] The presentinvention pertains to a method and
an apparatus for preventing dazzling of a driver of a motor
vehicle caused by light from a motor vehicle travelling
behind.

Background

[0002] In present-day road traffic drivers of motor ve-
hicles are often subject to dazzling caused by headlights
of other motor vehicles, either due to a general or load-
dependent misalignment of the headlights or due to a
situation-dependent inappropriate operation of the head-
light in high beam rather than low beam or driving light.
While a driver of a motor vehicle may inform a driver of
an oncoming motor vehicle that the headlights of his mo-
tor vehicle are dazzling, e.g. by flashing the high beam
of his own motor vehicle, the situation is different when
a motor vehicle approaches from behind. In this situation
the light from the headlights of the approaching motor
vehicle are reflected by the rear view mirrors straight into
the eyes of a driver, and the dazzled driver has no means
of informing the driver of the vehicle approaching from
behind that the headlights are dazzling.

[0003] Manual and automatic mechanisms for reduc-
ing the reflectivity of rear view mirrors are known. How-
ever, reducing the amount of light reflected by the rear
view mirrors generally also reduces the general visibility
through the rear view mirrors, which may result in losing
the ability to observe what is happening behind the ve-
hicle.

[0004] Also, changing the reflectivity of the rear view
mirror may take a certain time to become effective. During
this time the driver will still be dazzled, because the hu-
man visual system requires some time to adjust to chang-
ing levels of brightness, notably when going from bright
to dark. During this time, which may be in the range of
1-3 seconds or even longer, depending on the difference
in brightness and the speed of change, the driver will not
be able to fully perceive what is happening in the sur-
rounding of the vehicle. This may lead to potentially dan-
gerous situations and even accidents.

Summary

Technical Problem

[0005] Itis an object of the presentinvention to provide
an improved method and an improved apparatus for pre-
venting dazzling of a driver of a motor vehicle caused by
headlights from a motor vehicle travelling behind.
Solution to Problem

[0006] The object is achieved by the method and the
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apparatus claimed in the independent claims. Advanta-
geous embodiments and developments of the method
and the apparatus are provided in the respective depend-
ent claims.

[0007] A method of preventing dazzling of a driver in
a second motor vehicle caused by headlights of a first
motor vehicle travelling behind the second motor vehicle
comprises receiving, in the first motor vehicle, one or
more values representing a measured level of light and/or
a crossing of a threshold of the measured level of light
impinging on the second motor vehicle. In response to
the received values the first motor vehicle adjusts an
amount of light emitted by the headlights and/or a zone
lit by the headlights.

[0008] Preferably, several values representing the lev-
el of light impinging on the second motor vehicle are
measured at different locations at the second motor ve-
hicle. For example, values may be measured at external
lateral rear view mirrors typically provided at the left and
right sides of motor vehicles and at an internal rear view
mirror typically provided in a substantially central position
atthe wind shield. However, itis also conceivable to place
sensors at positions lower than the positions of the rear
view mirrors in order to be able to detect dazzling light
levels even before they arrive at the rear view mirror,
assuming that, in case of a vehicle coming on from be-
hind, the light beams are more likely to reach higher the
closer the oncoming vehicle is.

[0009] Adjusting the amount of light emitted by the
headlights of the first motor vehicle may include reducing
the light output of one or more headlights or headlight
arrangements. For example, in case the first vehicle has
two headlights, one of the headlights may be dimmed,
while the other headlight may be operated as before. The
lightintensity or brightness in an area that was previously
lit by both headlights will now be lower than before. Al-
ternatively, or in addition, the horizontal or vertical beam
direction of one or both headlights may be adjusted. This
may be implemented by headlights that are arranged piv-
otable in a horizontal and/or vertical direction. By turning
one or both headlights away from the vehicle in front daz-
zling of the driver can be avoided. If the headlights are
turned sideways in opposite directions an unlit "tunnel"
will be created, in which the vehicle in front is driving. If
the headlights are turned down towards the road surface,
dazzling of the driver in the vehicle in front will also be
effectively avoided. Likewise, if the shape of the light
beam is adjustable, e.g. by partially blocking the light
beam from the headlight or headlight assembly, such un-
lit zone may be created.

[0010] In case the headlights are headlight arrange-
ments of multiple individual light sources, each having
an individual beam pattern and direction, adjusting the
beam direction may be effected by controlling individual
ones of the multiple light sources to be on or off such that
only those light sources remain on whose individual
beam patterns and directions are not pointing towards
those areas or zones of the vehicle in front that are to be
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avoided.

[0011] Inanembodimentof the method the values rep-
resenting a measured level of light impinging on the sec-
ond motor vehicle from behind provide information about
a distribution of the measured level of light across a width
of the second vehicle. This information may be used for
further refining the control of the headlights of the first
vehicle. If, for example, a sensor placed in a right lateral
rear view mirror of the second motor vehicle receives a
light level below a dazzling threshold, and a correspond-
ing sensor placed in a left lateral rear view mirror receives
a light level exceeding a dazzling threshold, the informa-
tion sent to the first motor vehicle may indicate which
headlight to dim or to turn away.

[0012] Inanother embodiment of the method adjusting
the emitted amount of light and/or changing the zone lit
by the headlights is performed depending on a steering
angle of a steering wheel of the first motor vehicle and/or
arelative lateral offset of the first motor vehicle in respect
of the second motor vehicle.

[0013] The foregoing embodiment may be advanta-
geous in case of the first vehicle overtaking the second
vehicle. In this case the information received by the first
vehicle will indicate that sensors placed in the left lateral
and the central rear view mirrors of the second vehicle
receive excessive light, while the right lateral rear view
mirror does not. If no information about a relative lateral
offset or a steering angle were available, this would result
in the right headlamp remaining at its current level of light
emission and direction, and the left headlamp being con-
trolled to reduce its light emission and/or to turn away to
the left. However, this would not reduce the dazzling, as
it is the right headlamp that causes the dazzling. The
information about a steering angle or the relative lateral
offset of the first motor vehicle in respect of the second
motor vehicle helps making a correct decision which
headlight to dim or to turn away.

[0014] A light control apparatus in a motor vehicle that
performs one or more embodiments of the inventive
method comprises a receiver adapted to receive, from a
second motor vehicle travelling in front of the first motor
vehicle, values representing a measured level of light
and/or an indication that the measured level of light im-
pinging on the second motor vehicle from behind has
exceeded a dazzling level. The apparatus further com-
prises a control unit that is adapted to adjust, in response
to the received values or indication, an amount of light
emitted by the headlights and/or a zone lit by the head-
lights.

[0015] In an embodiment of the inventive light control
apparatus the control unit is communicatively connected
to an actuator that is arranged to adjust a horizontal or
vertical beam direction of one or more headlights or head-
light arrangements, or a shape of the light beam. Alter-
natively or in addition the control unit controls dimming
or switching off individual ones of a plurality of light sourc-
es in one or more of the headlight arrangements.
[0016] The communication between the second and
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the first motor vehicle can be implemented in various
ways. In one embodiment the communication is per-
formed within the framework of what s referred to as car-
to-car or vehicle-to-vehicle communication, often also
named car2car, C2C, C2X, vehicle2vehicle, V2V or V2X.
V2V is also known as Vehicular Ad Hoc Network, or VAN-
ET. This communication is typically bi-directional using
radio transmitters and receivers operating in accordance
with IEEE 802.11p and other standards. The information
about the light levels received by the various sensors is
transmitted using a suitable protocol within the C2C
framework.

[0017] In another embodiment a directed wireless
communication connection is established, e.g. by using
a directional antenna facing backwards. The information
from the various sensors may be communicated using a
protocol similar to the one mentioned above, or it may
be a standardized one-way-protocol that is adapted to
only communicate light sensor values or binary informa-
tion whether or nota dazzling light threshold is exceeded.
A simple exemplary implementation uses discrete fre-
quencies for left, middle and right and on-off-modulation
for indicating an exceeded threshold. It is possible to re-
place the on-off-modulation with amplitude modulation.
[0018] Although the present specification has focused
on light impinging on the second motor vehicle from be-
hind, itis also conceivable to detect light levels impinging
on the second motor vehicle from headlights of vehicles
coming on from the front. In this case the second motor
vehicle needs to be equipped with corresponding sen-
sors directed to the front of the vehicle, and communica-
tion with oncoming first vehicles must accordingly be pos-
sible.

[0019] In adevelopment of the method the second ve-
hicle predicts, form the light sensor measurements, if a
vehicle travelling behind is about to overtake. For exam-
ple, if a maximum of the light intensity moves to the left
(assuming driving on the right side of the street) for a
prolonged period of time, and if the light intensity increas-
es during this period of time, it can be assumed that the
car travelling behind is about to overtake. In this case the
second vehicle may automatically be steered closer to-
wards the right side of the driving lane, if possible, and
may also be decelerated slightly, in order to create ad-
ditional safety space for the vehicles and expedite the
process of overtaking.

[0020] Light sensors that can be used in various em-
bodiments of the present method include one or more of
photo sensors, e.g. photosensitive resistors, transistors
or diodes, and cameras, including CMOS and CCD cam-
eras. The light sensors may be connected to and con-
trolled by a separate control unit or may include micro-
processors and storage for storing program instructions
allowing the sensors to perform steps of the present
method under control of the control unit. The control unit,
either separate or integrated, is connected to a transmit-
ter that is adapted to transmit the measured levels of light
and/or an indication that a dazzling light level is exceeded
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to another motor vehicle.
Brief Description of Drawings

[0021] In the following section the invention will be pre-
sented with reference to the drawing, in which

Fig. 1 shows an exemplary diagram of a message
exchange between a second motor vehicle and a
first motor vehicle;

Fig. 2 shows an exemplary schematic block diagram
of an apparatus adapted to perform steps of the in-
ventive method in a first motor vehicle;

Fig. 3 shows a schematic block diagram of an appa-
ratus for performing steps of one or more embodi-
ments of the inventive method in a second motor
vehicle;

Fig. 4 shows a schematic top view of a motor vehicle
and exemplary positions of light sensors for use in
accordance with the present method; and

Figs. 5a - e show various stages of light control in
accordance with the inventive method in an exem-
plary use case.

[0022] In the figures similar or identical elements are
referenced by the same reference designators.

Description of Embodiments

[0023] Figure 1 shows an exemplary diagram of the
message exchange between a second motor vehicle and
afirstmotor vehicle, as well as a simplified representation
of processes internal to the vehicles. A second motor
vehicle, 2"d MV, measures levels of light impinging on
one or more sensors (not shown). When a light level ex-
ceeds a dazzling threshold the second motor vehicle
transmits light levels or an indication that a dazzling light
level is exceeded to a first motor vehicle, 18t MV. In re-
sponse to the received light levels or the indication the
firstmotor vehicle adjusts the headlights accordingly. The
adjustment of the headlights may be effected in discrete
steps or continuously. Likewise, the transmission of the
light levels or the indication, and obviously receiving the
transmitted light levels or indication, may be performed
periodically at fixed or adjustable intervals, as long as
the light levels exceed a dazzling level.

[0024] Figure 2 shows an exemplary schematic block
diagram of an apparatus 200 adapted to perform steps
of the inventive method in a first motor vehicle. A receiver
202, a control unit 204, and headlights 206 and 208 are
communicatively connected by one or more bus systems
210. The control unit 204 comprises a microcontroller,
random access memory and non-volatile memory (not
shown). The non-volatile memory of control unit 204
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stores computer program instructions which, when exe-
cuted by the microprocessor in cooperation with the ran-
dom access memory, cause the apparatus 200 to per-
form steps of the inventive method. It is to be noted, that
receiver 202 as well as headlights 206 and 208 may also
individually be equipped with microcontrollers, random
access memory and non-volatile memory, and that parts
of the inventive method may be performed in those ele-
ments under control of the control unit 204.

[0025] Figure 3 shows a schematic block diagram of
an apparatus 300 for performing steps of one or more
embodiments of the inventive method in a second motor
vehicle. One or more sensors 302, a control unit 304 and
atransmitter 308 are communicatively connected by one
or more bus systems 310. The control unit 304 comprises
a microcontroller, random access memory and non-vol-
atile memory (not shown). The non-volatile memory of
control unit 304 stores computer program instructions
which, when executed by the microprocessor in cooper-
ation with the random access memory, cause the appa-
ratus 300 to perform steps of the inventive method. It is
to be noted that the one or more sensors 302 as well as
the transmitter 308 may also individually be equipped
with microcontrollers, random access memory and non-
volatile memory, and that parts of the inventive method
may be performed in those elements under control of the
control unit 304.

[0026] Figure 4 shows a schematic top view of a motor
vehicle 400 and exemplary positions of light sensors for
use in accordance with the present method. Since the
dazzling occurs when light is reflected by rear view mir-
rors into the eyes of the driver of the car placing the light
sensors in the rear view mirrors of the car is an obvious
choice. In the motor vehicle 400 shown infigure 4 sensors
are placed in the central rear view mirror 402, in the left
lateral rear view mirror 404 and in the right lateral rear
view mirror 406. In order to detect excessive light levels
coming from the front of the motor vehicle, corresponding
forward-facing sensors may also be placed in the hous-
ings of the rear view mirrors.

[0027] Figures5a-5e show various stages of light con-
trol in accordance with the inventive method in an exem-
plary use case. In figure 5a a first motor vehicle 500 trav-
els behind a second motor vehicle, 501, on the same
driving lane of a road 503. The areas illuminated by the
headlights of the first motor vehicle 500 are indicated by
the triangular shapes For the sake of clarity the shapes
of the zones lit by the headlights are shown simplified.
The headlights of the first motor vehicle 500 illuminate
the second motor vehicle 501 in such a way that a zone
illuminated by both the left and the right headlight of the
firstmotor vehicle 500 includes the centre rear view mirror
of the second motor vehicle 501. The overlapping illumi-
nation area of the left and the right headlights is indicated
by the grey triangle. While the disturbance of a driver of
the second vehicle 501 caused by the increased light
intensity reflected by the centre mirror may be larger than
that caused by the light reflected from the lateral mirrors
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it is still desirable to completely avoid any such distur-
bance.

[0028] Figure 5b shows a first stage of light control in
accordance with the presentinvention. The second motor
vehicle 501 has detected the light levels impinging on
respective sensors (not shown) and has determined that
the light level exceeds the dazzling threshold. Accord-
ingly, second motor vehicle 501 has transmitted a mes-
sage to first motor vehicle 500, which, in response to the
message, has adjusted the headlights so as not to shine
light on the rear view mirrors of the second motor vehicle
501.In the exemplary embodiment of the figure the head-
lights are rotated downwards, i.e. towards the road sur-
face, about a horizontal axis, thereby effectively short-
ening the reach of the light beams. However, other ways
of light control are conceivable, including dimming the
light, or changing the shape of the area lit by the head-
lights in order to exclude the area of the second motor
vehicle 501.

[0029] Figure 5¢c shows a second stage of light control
in accordance with the present invention. The first motor
vehicle 500 is about to overtake the second motor vehicle
502 and has begun changing the driving lane. Thus, itis
laterally displaced with respect to the second motor ve-
hicle 502. The light sensor placed in the right lateral rear
view mirror of the second motor vehicle 502 does not
receive any light. However, the central rear view mirror
of the second motor vehicle 502 would still receive light
from the right headlight of the first motor vehicle 500 and
transmit according values to the first motor vehicle 500.
In addition, sensors in the first motor vehicle 500 have
detected a change in the steering angle and/or have de-
termined the change in the relative position with respect
to the second motor vehicle 502 and control the right
headlight so as not to project light onto the rear view
mirrors of the second motor vehicle 502. Due to the lateral
displacement of the first motor vehicle 500 with respect
to the second motor vehicle 502 the left headlight of the
second motor vehicle 502 does not shine any light onto
the central rear view mirror of the second motor vehicle
502. However, it may still shine light onto the left lateral
rear view mirror of the second motor vehicle 502, thereby
dazzling the driver. In order to avoid any dazzling of the
driver of the second motor vehicle 502 while still lighting
the road ahead as much as possible the left headlight of
the first motor vehicle 500 is rotated horizontally to the
left, as indicated by the triangular shape drawn in a
dashed line. The amount of rotation to the left is at least
partly determined by sensor values from the second mo-
tor vehicle 502 transmitted to the first motor vehicle 500.
[0030] Figure 5d shows a third stage of light control in
accordance with the present invention. The first motor
vehicle 500 is now almost fully placed in a neighbouring
driving lane running parallel to the initial driving lane. As
such, the left headlight is rotated horizontally and verti-
cally back into its normal position and is now pointing
straight ahead. However, since the right headlight may
still cause dazzling of the driver of the second motor ve-
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hicle 502 it is still rotated vertically downwards, i.e. to-
wards the surface of the road. The rotation of the right
headlight is at least partly determined by sensor values
from the second motor vehicle 502 transmitted to the first
motor vehicle 500.

[0031] Figure 5e shows a fourth stage of my control in
accordance with the present invention. The first motor
vehicle 500 is now fully placed in the neighbouring driving
lane running parallel to the initial driving lane. Both head-
lights of the first motor vehicle 502 are brought back into
their normal positions since none of the sensors in the
second motor vehicle 502 receive any light and transmit
any values to the first motor vehicle 500.

[0032] Throughout this specification the expressions
"headlight" and "headlight assembly" are used inter-
changeably unless indicated or obvious from the respec-
tive context.

Claims

1. Method of preventing dazzling of a driver in a second
motor vehicle caused by headlights of a first motor
vehicle travelling behind the second motor vehicle,
comprising:

- the first motor vehicle receiving, from the sec-
ond motor vehicle, one or more values repre-
senting a measured level of light and/or a cross-
ing of a threshold of the measured level of light
impinging on the second motor vehicle,

- the first motor vehicle, in response to the re-
ceived values, adjusting an amount of light emit-
ted by the headlights and/or a zone lit by the
headlights.

2. Themethod of claim 1, wherein adjusting the amount
of light emitted by the headlights and/or a zone lit by
the headlights includes reducing the light output of
one or more headlights or headlight arrangements
and/or adjusting a horizontal or vertical beam direc-
tion of one or more headlight arrangements.

3. The method of claim 2, wherein reducing the light
output of one or more headlight arrangements in-
cludes dimming or switching off individual ones of a
plurality of light sources in a headlight arrangement.

4. The method of claim 1, wherein the values repre-
senting a measured level of light impinging on the
second motor vehicle from behind provide informa-
tion about a distribution of the measured level of light
across a width of the second vehicle.

5. Themethod of claim 4, wherein the information about
the distribution of the measured level of light across
the width of the second motor vehicle is used for
determining in which headlight of the second motor
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vehicle to adjust the emitted amount of light and/or
how to change the zone lit by the headlights.

6. Themethod of claim 1, wherein adjusting the emitted
amount of light and/or changing the zone lit by the 5
headlights is performed depending on a steering an-
gle of a steering wheel of the first motor vehicle
and/or arelative lateral offset of the first motor vehicle
in respect of the second motor vehicle.

10

7. Light control apparatus in a first motor vehicle com-
prising:

- a receiver adapted to receive, from a second
motor vehicle, values representing a measured 15
level of light and/or an exceeding of a threshold

of the measured level of light impinging on the
second motor vehicle,

- a control unit adapted to adjust, in response to

the received values, an amount of light emitted 20
by the headlights and/or an area lit by the head-
lights.

8. The light control apparatus of claim 7, wherein the
control unit is communicatively connected to an ac- 25
tuator that is arranged to adjust a horizontal or ver-
tical beam direction of one or more headlights or
headlight arrangements, or a shape of respective
emitted light beams, and/or wherein the control unit
controls dimming or switching off individual ones of 30
a plurality of light sources in one or more of the head-
light arrangements.

9. Method of providing information about dazzling
caused by light in a second motor vehicle travelling 35
ahead of a first motor vehicle, comprising

- operating one or more light sensors arranged

at one or more positions across the second mo-

tor vehicle, 40
- operating a control unit that is arranged to de-
termine levels of light impinging on the motor
vehicle based on measurements of the one or
more light sensors, and to determine if the level

of impinging light is exceeding a dazzling level, 45
and

- providing information about dazzling caused

by the light and/or information about the light
level to the first motor vehicle via a transmitter.

50
10. The method of claim 9, further comprising
- providing information about the light intensity
distribution across a width of the second vehicle.
55
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